The cell-adhesion molecules N-CAM (neural cell-adhesion molecule) are ligands in the formation of cell-cell bonds and have been shown to play important roles during neuro-ontogenesis. They exist in several molecular forms which differ at the protein and carbohydrate levels. The regulation of the expression of these different forms is an important issue that bears on such questions as to how adhesive interactions between cells are modulated during morphogenesis. In the present study we have used N-CAM cDNA clones to investigate the expression of the cognate mRNAs in the mouse and rat brain and in 2 neural cell lines. The results were compared with the levels of the different N-CAM proteins. We made the following observations. (1) A complex set of 5 size classes of mRNAs-which show developmental, regional, and cell-type-dependent variations in their expression-hybridize to 1 of our cDNA probes. While embryonic brain contains N-CAM gene transcripts 7.4, 6.7, and 4.3 kilobases (kb) in length, 2 additional mRNAs of 5.2 and 2.9 kb appear postnatally. Transformed brain cells of an astrocytic character express predominantly mRNAs of 6.7, 4.3, and 2.9 kb and a neuroblastoma line those of 7.4, 6.7, 4.3, and 2.9 kb. (2) There are important quantitative changes in the amount of N-CAM message expressed during brain development, with a peak around birth, suggesting that N-CAM synthesis is controlled at the transcriptional level. (3) A comparison of N-CAM protein and mRNA levels reveals a striking correlation between the relative concentrations of the il4, 120,000 N-CAM protein (N-CAM,,) and the 5.2 kb transcript. (4) The 5.2 and 2.9 kb mRNA species lack 3' gene sequences. These results support the view that the 5.2 kb mRNA codes for N-CAM,,, since in this protein the C-terminal extensions found in the 2 other N-CAM proteins are absent.
. In the rodent nervous system, N-CAM has been found on most central and peripheral neurons, on astrocytes, and on some peripheral glial cells (Chuong et al., 1982; Faissner et al., 1984; Goridis et al., 1983b; Langley et al., 1982 Langley et al., , 1983 Lyles et al., 1984; Noble et al., 1985) .
Variations in the expression of cell-adhesion molecules from one cell type or developmental stage to another can be presumed to be of fundamental importance to neuro-ontogenesis. Indeed, different forms of N-CAM whose expression depends on cell type or developmental stage have been identified. Three size classes of N-CAM proteins with apparent molecular weights of 180, 000, 140, 000 and 120, , , , , , , , , ) are present in the adult mouse and rat brain (Chuong et al., 1982; Ibsen et al., 1983; Rougon et al., 1982) and show regional and cell-type-specific modulations in their expression Keilhauer et al., 1985; Noble et al., 1985; Rougon et al., 1982) . The size differences between N-CAM,,,, N-CAM,,,, and N-CAM,,, are primarily due to differences in the lengths of their C-terminal domains Gennarini et al., 1984a) . During development, the so-called "embryonic"
form of N-CAM from immature nervous tissue, which is highly sialylated, is gradually converted into a less sialylated "adult" form (Chuong et al., 1982; Him et al., 1983; Rougon et al., 1982) . Most of the sialic acid in both the embryonic and adult molecules is present as unusual sialic acid polymers (Finne et al., 1983) . Because of its long polysialic acid side chains, embryonic N-CAM migrates atypically in SDS-PAGE as a broad zone in the 170,000-250,000 A4, region. This unusual migration pattern has made it difficult to reveal the underlying polypeptide chains . Since very similar, if not identical, peptide fragments can be generated from embryonic and adult N-CAM, their polypeptide chains have been assumed to be identical (Chuong et al., 1982; Gennarini et al., 1984a; Rougon et al., 1982) .
At present, it is not known exactly how the 3 polypeptide components of mouse and rat N-CAM are generated, but in vitro data suggest that they are translated from different mRNAs (Hansen et al., 1985) . Nor is anything known about the mechanism regulating N-CAM levels during brain development . Recently, cDNA clones for chicken and mouse N-CAM have been isolated. These probes now make it possible to investigate qualitative and quantitative changes in the expression of N-CAM at the mRNA or gene level. In the present study, 2 mouse N-CAM cDNA probes were used to identify the cognate mRNAs in mouse and rat brain and in 2 mouse neural cell lines. Five distinct mRNA size classes of high A4, that exhibit developmental-stage and cell-type specificity in their expression were detected by these probes. A comparison of polypeptide and mRNA expressions revealed a striking correlation between the Vol. 6, No. 7, Jul. 1986 abundance of one mRNA species and the prevalence of N-CAM,,,. Furthermore, we show that the down-regulation of N-CAM abundance during development is controlled at the transcriptional level or by mRNA stabilization.
Materials and Methods

Cells and antibodies
The F7 cell line was derived by M. Mallat and A. Prochiantz from a primary culture of embryonic day 14 mouse mesencephalon by transformation with SV40 virus (Mura Neto et al., 1986) . The cells were cultured in Dulbecco's modified Eagle's medium with 10% fetal calf serum. The C 1300-derived mouse neuroblastoma line Neuro 2a (N2a) was cultured in the same medium. The preparations and specificities of the rat anti-mouse N-CAM monoclonal antibodies (mAb) H28 and P61 (Gennarini et al., 1984b; Him et al., 198 1) and of the rabbit anti-N-CAM serum (Gennarini et al.. 1984b : Sadoul et al.. 1983 ) have been described. ~ I cDNA probes
The isolation and preliminary characterization of cDNA clones coding for N-CAM have been described . Two clones, pM1.3 and pM3.7, were used in the present study. Their translation products are recognized by monoclonal antibodies H28 and P61 (Gennarini et al., 1984b) , respectively. Both clones thus contain coding sequences corresponding to different regions of the gene. Evidence that the 2 cDNAs code for N-CAM includes the recognition of their translation products by mono-and polyclonal anti-N-CAM antibodies, and the presence of overlapping sequences in clones identified with 2 different monoclonal antibodies . Moreover, recent results (to be published elsewhere), show that both cDNAs hybridize to adjacent regions of the same genomic cosmid clone and that an overlapping cosmid hybridizes to an oligonucleotide probe derived from the N-terminal amino acid sequence of mouse N-CAM,,, and N-CAM,,, (Goridis and Steinmetz, unpublished observations) . In Figure 1 , an overview is given of the genomic clones containing the N-CAM gene with the respective locations of the regions to which the oligonucleotide probe and the 2 cDNAs hybridize. These data confirm that pM1.3 contains sequences located 5' to those contained in pM3.7. This arrangement had previously been deduced from the location on the protein of the H28 and P6 1 epitopes, since the H28 determinant borne by the pM 1.3 product has been mapped at the N-terminal side of the sequence recognized by P6 1, the mAb used for identification of pM3.7 (Gennarini et al., 1984a; . In Northern blots, pMl.3 detects only high M, mRNA bands exclusively present in N-CAM-expressing tissues and cells. In addition to these bands, pM3.7 detects 2 RNAs of smaller size that are expressed in similar amounts in all mouse tissues tested (Goridis et al., 1985, and unpublished observations) . The inserts of the 2 plasmids were liberated by EcoRI digestion, purified by agarose gel electrophoresis, and recovered by electroelution.
They were labeled to high specific activity (8-30 x lo* cpm/wg DNA) by the method of Feinberg and Vogelstein (1984) .
Gel blot analysis of mRNA Total cellular RNA was extracted from brain and liver of Swiss mice or rats of the Lou/WSI strain by the guanidinium-cesium chloride method (Maniatis et al., 1982) and cytoplasmic RNA from N2a and F7 cells according to Favaloro et al. (1980) . The results were the same when the guanidinium-cesium chloride method was applied to frozen pellets of cultured cells. Poly(A)' RNA was purified either by the messenger affinitv paner (Medac. Hambura. FRG) method (Werner et al.. 1984) or by one cycleof chromatography on oligo (dT)-cellulose (Maniatis etal., 1982) with identical results.
Samples of poly(A)+ RNA were electrophoresed on 0.8% agarose in the presence of formaldehyde (Lehrach et al., 1977) and transferred to nitrocellulose (Thomas, 1980) . The filters were prehybridized at 42°C for 6-8 hr in 50% formamide, 5 x SSC (1 x SSC is 0.15 M NaCVO.0 15 M sodium citrate) 50 mM sodium phosphate buffer (pH 6.8), 0.1% SDS, 5x Denhardt solution (Maniatis et al., 1982) containing 200 &ml sheared, denatured salmon sperm DNA. Hybridization itself was done at 42°C for 40 hr in the same solution with 3 x lo6 cpm/ml of labeled probe. The filters were then briefly rinsed in 2 x SSC, 0.1% SDS at 65°C washed first 3 times for 20 min at 65°C in 2 x SSC, 0.1% SDS, then 3 times at 65°C for 20 min in 0.2 x SSC, 0.1% SDS. After a final rinse in 2 x SSC at room temperature, the filters were exposed to Fuji RX films at -70°C in the presence of sensitizing screens for l-4 d. Since probes of different specific activities were used, the signal intensities obtained on different blots are not strictly comparable. Densitometric scanning of autoradiographs, in the linear range of film responses, was done with a LKB 2202 ultroscanner.
Gel blot analysis of proteins
Nonidet-P40 extracts of tissue samples were prepared, fractionated by 6.7% SDS-PAGE and transferred to nitrocellulose as described . Frozen pellets of F7 or N2a cells were directly dissolved in electrophoresis buffer. The filters were saturated with 3% bovine hemoglobin in phosphate-buffered saline (Hb/PBS) for 1 hr at 37°C. Incubation with H28 mAb in the form ofhydridoma supematant diluted 1:5 in Hb/PBS or with rabbit anti-N-CAM semm diluted 1: 1000 in Hb/ PBS was for 14 hr at 4°C. The filters were washed several times in PBS, resaturated with Hb/PBS, and incubated for 1 hr at room temperature with 1251-labeled rabbit anti-(rat Ig) or goat anti-(rabbit In) antibodies in Hb/PBS. After more washes in-PBS, the filters were exposed to Fuji RX films at -70°C in the oresence of sensitizing screens for l-2 d.
An endosialidase associaied with the bacteriophage PKlA specific for E. coli of the capsular type Kl was purified as described (Finne and Mlkell. 1985) . This enzvme cleaves polvmers of cY2-8-linked N-acetylneuraminic'acid with a minimum chain length of 8 residues, leaving 5 residues attached to the proximal (reducing end) side. Nonionic detergent extracts of tissue samples were incubated with 0.4 U of enzyme for 4 hr at 37°C in the presence of the following protease inhibitors: 5 mM iodoacetamide, 10 U/ml aprotinin, 1 mM phenylmethyl sulfonylfluoride, 0.1 mM pepstatin, and 0.1 mM leupeptin. One unit of endosialidase activity is defined as the amount needed to cleave 50 pg colominic acid in 24 hr at 37°C.
Results
Complex pattern of N-CAM-related mRNAs is revealed in mouse brain Northern blot analysis of poly(A)' RNA from mouse brain with the N-CAM cDNA probe pM 1.3 yielded a complex pattern of common hybridization bands. Five distinct size classes of mRNA were detected in postnatal-day 10 mouse forebrain ( Fig. 2 , lanes marked 2). By comparison with the migration of DNA restriction fragments, their sizes were estimated to be 7.4, 6.7, 5.2, 4.3, and 2.9 kb. These estimates correspond to the means recorded using different gels and different sets of markers. On very long gels, the 2.9 and 4.3 kb bands migrated as closely spaced doublets (see Fig. 3B , lane 5', and Fig. 6B ). Only the transcripts of 7.4, 6.7, and 4.3 kb hybridized to probe pM3.7 as well. The hybridization signal intensity was different for each band, indicating either that variable amounts of different length mRNAs are synthesized from the same gene or that different but related genes are transcribed to yield multiple-sized transcripts. As reported previously and as shown here for mouse liver (Fig. 2, lanes marked I) , none of the bands detected by pM 1.3 was present in N-CAM negative tissues. By contrast, clone pM3.7 recognized 2 additional mRNAs of smaller size (-1 .O and -2.0 kb) found in all mouse tissues analyzed. The same band pattern was obtained when total RNA (20 pg) was analyzed, but the intensities of the bands were much weaker (results not shown) indicating that all species detected bear poly(A)' tails.
Developmental stage-specific expression of N-CAM mRNA species and corresponding changes in N-CAM proteins Striking changes in the level of expression of N-CAM mRNAs were found when poly(A+) RNA from mouse forebrain of different ages was analyzed (Fig. 3B) . The highest levels of mRNAs hybridizing with the pM 1.3 insert were expressed at postnatal day 2, somewhat less at embryonic day 17, and considerably less in the adult. Some 2.5 times more RNA from P40 mouse forebrain was loaded on the gel shown in lane 5' and the autoradiograph exposed 3 times longer to make the bands visible. Densitometric measurements of the total hybridizing material in lanes 2 and 5 revealed a 5.8-fold decrease between postnatal days 2 and 40. When the 2.9 kb band, which is probably too small to code for any of the known N-CAM polypeptides, was excluded from the analysis, the drop was even greater, i.e., 9.5-fold. We confirmed that identical amounts of poly(A+) RNA had been applied to each lane in Figure 3B by hybridizing the same blot with a 0.5 kb BgIIVEcoRI fragment of the pM2.2 insert which detects a -1 kb message present in equivalent amounts in all mouse tissues and at all developmental stages (unpublished observations). As seen in Figure 3B , lower panel, signals of equal intensity were obtained for the 5 developmental stages.
Not only the absolute amounts of N-CAM mRNA transcribed in the brain, but also the prevalance of the individual bands and the ratios between them changed during development. At the same level of exposure, the 5.2 and 2.9 kb mRNAs could not be detected in poly(A+) RNA from embryonic day 17 forebrain (Fig. 3B , lane 1). They were faintly visible at postnatal day 2 (lane 2) and became relatively stronger during further development. By contrast, the band of 4.3 kb, as well as the 7.4 and 6.7 kb bands, decreased in intensity as development proceeded. In the adult pattern (lanes 5 and 5'), the transcripts of 2.9 and 5.2 kb were present in the relatively highest amounts, the 6.7 and 7.4 kb bands were weaker, and the 4.3 kb species was absent. Changes in the proportions of the 2 highest Mr species were also recorded. They were present in almost equimolar amounts at birth, but the 6.7 kb band was more intense from postnatal day 15 on.
The observed developmental changes in the levels of the mRNAs were confronted with an immune blot analysis of N-CAM polypeptides present in the same material (Fig. 3A) . To reveal the underlying polypeptides in the diffusely migrating embryonic form, present up to postnatal day 15 in mouse forebrain, we used the enzyme endosialidase which rapidly and quantitatively cleaves the long sialic acid polymers ofembryonic N-CAM (Finne and Make& 1985) . This treatment revealed the presence of 2 major immunoreactive bands of M, 180,000 and 140,000 in the embryonic brain (Fig. 3A, lane 1' ). An M, 120,000 species was not detected. Since the latter polypeptide exists in part in a nonionic-detergent-insoluble form (unpublished observations), the Nonidet-P40 pellet was analyzed as well (lanes 105~). Once again, no trace of a M, 120,000 band was visible at embryonic day 17. A N-CAM,,, polypeptide was first detectable at postnatal day 2 in the insoluble material, became gradually stronger at later stages, and was then also present in 7.4, 6.7-5.21 4.3-2.9- Figure 2 . Expression of different size classes of N-CAM mRNA in young postnatal mouse brain. Total poly(A)+ RNA isolated from postnatal day 10 forebrains (lanes 2) or livers (lanes I) was fractionated by electrophoresis on formaldehyde-containing 0.8% agarose gels, transferred to nitrocellulose, and hybridized with-the gel-purified TzP-labeled inserts of either clone pM1.3 (1.3) or pM3.7 (3.7). The sizes of RNA bands, estimated from the position of denaturated phase DNA restriction fragments of known lengths run in parallel on the same gel, are indicated in kilobase (kb) at left. Note the absence of bands at 5.2 and 2.9 kb in the forebrain sample hybridized with probe pM3.7.
the Nonidet-P40 extract. Hence, the developmental appearance of this component followed a similar time course as the expression of the 5.2 and 2.9 kb mRNAs. By contrast, the ratios between N-CAM,,, and N-CAM,,, changed very little, if at all, during development.
Expression of N-CAM proteins and mRNAs in young postnatal rat brain An analysis of N-CAM gene transcripts and proteins in postnatal day 10 rat forebrain yielded very similar results as observed in mice of an equivalent developmental stage. Since the H28 mAb does not cross-react with rat N-CAM, a rabbit anti-N-CAM 1 l+ lc Gennarini et al. Vol. 6, No. 7, Jul. 1966 RNA were applied to lanes l-5. The same blot was rehybridized with the EcoRI/BgIII fragment of probe pM2.2, which reveals a -1 kb band of similar intensity in all tissues and at all developmental stages (lower part). In lane 5'. taken from a different gel, 17.5 rg RNA was applied and the autoradiograph exposed 3 times longer. DNA fragments of known lengths were run in parallel on the same gel shown in 1-5; their size is given in kilobases.
serum was used for immune blot analysis (Fig. 4A ). There were still considerable amounts ofthe polysialylated embryonic form. After endosialidase treatment, strong N-CAM,,, and N-CAM,,, bands were revealed in detergent extracts. Small amounts of N-CAM,,, were present before and after treatment. In Northern blots, probe pM1.3 hybridized to discrete 7.4, 6.7, 5.2,4.3, and 2.9 kb bands (Fig. 4B) . A faint 3.5 kb species was also present. As in young postnatal mouse brain, the 2 highest A4, classes were predominant and the 5.2 kb band rather weak. Again, the 5.2 and 2.9 kb transcripts were not detected by pM3.7. Interestingly, pM3.7 did not hybridize to the -1 and -2 kb RNAs in the rat.
Correlation between N-CAM mRNA andpolypeptide expression in 2 brain regions and neural cell lines The relative amounts of the 3 N-CAM polypeptides have been found to differ from one region of the adult mouse brain to another Rougon et al., 1982) . To correlate the results obtained on the protein level with Northern blot analysis of the cognate messages, we examined 2 regions of the adult mouse brain, the olfactory bulb and the optic tectum. These structures were chosen because they can be dissected out easily, thus minimizing the risk of RNA degradation. Immune blots with H28 mAb showed the typical 3 band pattern in both regions (Fig. 5A) . N-CAM,,, and N-CAM,, were present in approximately equal amounts in the tectum, but there was more N-CAM,,, in the bulb. In the olfactory bulb, the 2 higher M, bands were considerably more intense than the 120,000 component, which was not the case in the tectum. It has been reported that in both structures, the embryonic form persists in the adult, but in our hands, endosialidase digestion produced little, if any, change in the migration patterns (not shown).
In Northern blots, probe pM1.3 hybridized to the same size classes ofgene transcripts that had been observed in adult mouse forebrain (Fig. 5B) . However, differences in the relative abundance of the bands were noted in olfactory bulb and tectum. In the tectum, the proportion of the 5.2 and 2.9 kb species was higher. (In this respect, optic tectum resembled adult mouse forebrain more than the olfactory bulb.) The 7.4 kb band was 3.3-1.6-1.2-12345 5' Figure 3 . (Continued) more intense than the 6.7 kb component in the tectum, whereas the opposite was found in the olfactory bulb. There was thus a correlation between the prevalence of N-CAM,,, and of the 5.2 and 2.9 kb mRNAs in the 2 brain regions, but not between the relative abundance of N-CAM,,, and N-CAM,, and the 7.4 and 6.7 kb messages.
Two cell lines of nervous system origin were subjected to the same kind of analysis. The neuroblastoma C 1300-derived line N2a, which expresses functional N-CAM molecules (Sadoul et al., 1983) , may be taken as the equivalent of an immature peripheral neuron; the SV40-transformed cell line F7 has been shown to express astrocytic markers (Mura Neto et al., 1985) . In F7 cells, N-CAM,,, was found to predominate (Fig. 6A) . Only traces of a 180,000 component were detected and N-CAM,,, was totally absent. The low expression of the N-CAM,,, by these cells may be related to their astrocytic character, since cultured astrocytes have been reported to be deficient in this chain (Noble et al., 1985) . An equally simple pattern was also observed for these cells in Northern blots, probed with pM1.3. It consisted of an intense 6.7 kb band and a 4.3 and a 2.9 kb species. At the same level of exposure, a 7.4 kb component was not detectable (Fig. 6B) .
Immune blots of N2a cells showed the presence of N-CAM,,, and of somewhat lower amounts of N-CAM,,, (Fig. 6A) . A faint band at the position of N-CAM,,, became visible after overexposure of the autoradiographs (not shown). Northern blots of the same cells probed with pM 1.3 revealed strong mRNA bands at 6.7, 4.3, and 2.9 kb and a weaker band at 7.4 kb (Fig. 6B) . Between the 6.7 and 4.3 kb bands, 2 faint bands were also present, of which the smaller comigrated with the 5.2 kb mRNA from adult brain. During brain development and in the 2 adult brain regions, concomitant changes in the amount ofthe 2.9 and 5.2 kb species were observed. This was clearly not the case for F7 and N2a cells, in which the 2.9 kb band was readily detectable, whereas the 5.2 kb mRNA was very weakly expressed or absent. B, Northern blot analysis of the same material was performed with 10 Mg total poly(A)+ RNA. N-CAM mRNAs were revealed with probe pM1.3, their size is given in kilobases (kb). In this particular gel, the 2.9 kb band was resolved into a closely spaced doublet.
Discussion
The N-CAMS are a group of cell-surface glycoproteins that mediate cell-cell adhesion, in particular between neural cells (for reviews, see Edelman et al., 1983; Rutishauser, 1983) . Changes in both the molecular forms and the abundance of these proteins have been observed during development and in different cell types Chuong et al., 1982; Noble et al., 1985; Rougon et al., 1982) and these changes have, in part, been correlated with modulation of their adhesive properties Sadoul et al., 1983) . As yet, however, very little information has been obtained on how the different forms of N-CAM are generated and how their expression is regulated. As a first step in clarifying these issues, we compared the N-CAM gene transcripts expressed in the rodent brain and in 2 neural cell lines different size classes (7.4, 6.7, 5.2, 4.3 , and 2.9 kb) of mRNA species, the expression of which changes with developmental stage or cell type. Two transcripts (5.2 and 2.9 kb) are not visible in the embryonic forebrain and 1 (4.3 kb) disappears in the adult. The ratio between the 7.4 and 6.7 kb mRNAs also changes during development. Both bands are of equal intensity at earlier stages, but as of postnatal days 10-15, the intensity of the 6.7 kb band is stronger. Of the 2 cell lines studied, N2a neuroblastoma cells contain mainly the 7.4, 6.7, 4.3, and 2.9 kb bands and F7 cells those of 6.7, 4.3, and 2.9 kb. In both cell types, a mRNA of 5.2 kb is very weakly expressed or absent. With their cDNA clones for chicken N-CAM, Murray et al. (1984) detected only 2 mRNAs in embryonic chick brain, which correspond in size to the 7.4 and 6.7 kb RNAs. No data on N-CAM messages present in the adult chicken are currently available.
Juxtaposing Northern blot data and immune blot analyses brings out a striking correlation between the presence and relative amounts of N-CAM,,, and the expression of the 5.2 kb mRNA. During postnatal development, the gradual emergence of the M, 120,000 chain follows a time course similar to that observed for this RNA band. Similarly, the abundance of the 5.2 kb species can be correlated with the relative amounts of N-CAM,,, present in the adult olfactory bulb and optic tectum, and in the 2 cell lines studied both N-CAM,,, and the 5.2 kb message are hardly detectable. Seemingly, a similar correlation cannot be made between the other mRNAs and N-CAM,,, or N-CAM,,,. Differences in turnover rates of different N-CAM proteins may account for these discrepancies. Clearly, further work is required to relate the Northern blot data directly to the synthesis of the various size classes of N-CAM.
It is noteworthy that we did not detect N-CAM,,, in the embryonic brain. Previous studies on the polypeptides present in the embryonic form have been fraught with problems of proteolytic degradation occurring during the lengthy neuraminidase digestions necessary to cleave polysialic acid chains Him et al., 1983) . Our immune and Northem blot data suggest that the differences between embryonic and adult N-CAM may be greater than anticipated. In contrast to these results, Hansen et al. (1985) detected an M, 120,000 product translated in vitro from embryonic brain polysomes. The reasons for this discrepancy are not clear at present. We agree, however, on the point that the ratios between N-CAM,,, and N-CAM,,, change in favor of the latter during postnatal brain development.
The 2 cDNA probes used in the present study differ with respect to the transcripts they recognize. Clone pM3.7 does not hybridize to the 5.2 and 2.9 kb mRNAs. It follows that these transcripts lack 3' gene sequences, because pM 1.3 contains sequences located 5' to those contained in pM3.7 (Fig. 1) . As described previously pM 1.3 detects only mRNAs in N-CAM-expressing tissues and cells, whereas pM3.7 reveals 2 additional bands of smaller size present also in N-CAMnegative cells. The identity of these cross-reacting sequences is still unclear, but the fact that they are not recognized in rat tissues containing all the known N-CAM proteins indicates that the -1.0 and -2.0 kb bands are not N-CAM messages. The finding that pM3.7 does not hybridize to the 5.2 kb band supports our contention that this mRNA codes for N-CAM,,,, since this N-CAM chain lacks the P61 determinant carried by the translation product of pM3.7.
With our present data we cannot completely rule out the possibility that some of the bands we observe in Northern blots are in vitro degradation products, though the discreteness of the bands and their developmental change would argue against this hypothesis. Neither do we know whether all of the poly(A)+ RNA species detected are functional messages. In vitro translation data suggest that the different size classes of N-CAM polypeptides identified in the rodent brain are synthesized from different mRNAs (Hansen et al., 1985) . Of the 5 size classes identified with pM 1.3, the 2.9 kb species may not be large enough to encode N-CAM. This leaves 4 bands with the necessary coding potential, 1 of which may have 3'-or 5'-untranslated sequences of different length, as demonstrated in other gene systems (Capetanaki et al., 1983) . It is still possible that each of the N-CAM proteins of different A4, consists of several closely similar but distinct polypeptides Williams et al., 1985) . In this case, 2 of the transcripts we detected could code for such a variant form of N-CAM.
The remarkable decrease in total N-CAM message during postnatal brain development shows that the expression of N-CAM is regulated either at the transcriptional level or by mRNA stabilization. However, the approximately 6-fold decrease in total hybridizing poly(A)+ RNA (over 9-fold if the 2.9 kb band is excluded from the analysis) we observed between birth and postnatal day 40 was considerably higher than the 3-fold drop in N-CAM antigen concentration reported by Chuong and Edelman (1984) . This implies that posttranslational regulation also occurs. Conceivably, N-CAM has a slower turnover in the adult brain, where it must be transported axonally over considerable distances.
Genomic blot experiments suggest that the mouse genome contains probably only 1 copy of the N-CAM gene Rutishauser and Goridis, 1986) . The results of Murray et al. (1984) are also consistent with the presence of a single N-CAM gene in the chicken. If this is so, then different transcripts must be derived from the same gene by variations in initiation or termination or by differential splicing. At present, we cannot distinguish between these possibilities. The observation that the more 3' located clone pM3.7 does not detect the mRNAs of 5.2 and 2.9 kb would be most easily explained by assuming that differential termination of transcription is involved, but differential splicing cannot be ruled out. Irrespective of this issue, the important implication of our data is that the mechanism generating the N-CAM mRNAs of different lengths is regulated in a cell-type and developmental-stage specific manner. The biological significance of such a regulation is unknown, but could lead to differential expression of different N-CAM proteins, a view supported by the parallel changes we observed in the prevalence of N-CAM,,, and of the 5.2 kb mRNA.
Functional differences between the different N-CAM chains have not been demonstrated but are highly likely, since the solubility characteristics of N-CAM,,, are different from those of the other 2 chains (Gennarini et al., 1984b) and since N-CAM,,, has been found to be present preferentially on cellcell contact sites (Pollerberg et al., 1985) . Regulation of the total amounts of N-CAM in a given tissue, which, as our data show, is exerted at the nucleic acid level, should be functionally important, since the binding strength of N-CAM interactions is strongly inlhtenced by the concentrations of N-CAM protein .
It will be important in future studies to determine precisely the mechanism by which the different N-CAM gene transcripts are generated and the polypeptides they code for. Another question raised by our results is whether different N-CAM mRNAs are segregated in different brain cell populations. The changes in the absolute and relative amounts of the mRNAs during development might result from changes in the cellular composition of the tissue or reflect a regulatory event that takes place during differentiation. As more N-CAM cDNA or genomic probes specific for one or the other of the messages will become available, these questions will become accessible to experimentation.
